rogression of coronary atherosclerosis and rupture of unstable plaque are key processes in acute myocardial infarction (AMI). The extent of coronary artery disease has been well documented as a major prognostic factor in patients with AMI. Prevention and evaluation of the progression of atherosclerotic plaque volume is thus essential to both reduce cardiac events and estimate prognosis after AMI.
rogression of coronary atherosclerosis and rupture of unstable plaque are key processes in acute myocardial infarction (AMI). The extent of coronary artery disease has been well documented as a major prognostic factor in patients with AMI. Prevention and evaluation of the progression of atherosclerotic plaque volume is thus essential to both reduce cardiac events and estimate prognosis after AMI.
Evidence that supplementation with n-3 polyunsaturated fatty acids prevents atherosclerosis-related cardiovascular risk has been accumulating. 1, 2 More recently, a large randomized study demonstrated that eicosapentaenoic acid (EPA) is effective in preventing major coronary events in patients with hyperlipidemia. 3 Dysfunction of the vascular endothelium, fatty streak formation and fibrous cap formation are processes in the formation of atherosclerotic lesions that are regulated by the action of vasoactive molecules, growth factors, cytokines, and lipid metabolites. Several studies have demonstrated that supplementation with n-3 polyunsaturated fatty acids attenuates the exaggerated platelet aggregation induced by various stimuli, 4, 5 attenuates the action of growth factors and cytokines, [5] [6] [7] reduces the serum triglyceride concentration, 8, 9 and increases high-density lipoprotein levels. 8 There are several methods of evaluating coronary atherosclerotic lesions. Coronary angiography is widely used as the gold-standard to determine coronary stenosis, but it can only detect a luminal reduction in stenosis, collateral patterns and the presence of dense calcification of the coronary arteries, not plaque quantity. Coronary angioscopy and intravascular ultrasound (IVUS) can provide information about plaque characteristics to some extent, [10] [11] [12] [13] [14] but the observation areas are somewhat restricted and the methods are quite invasive. Multidetector spiral computed tomography (MDCT) with high slice numbers is now providing sufficient time and spatial resolution power to detect coronary atherosclerosis. 15, 16 Its reliability in the determination of coronary plaque morphology has been recently demonstrated by studies using IVUS and histopathologic studies. 17, 18 The advantages of MDCT are that it is relatively noninvasive compared with intracoronary angioscopy and IVUS, and has sufficient stability for observation of the entire coronary tree. Indeed, at present, MDCT is thought to be 1 of the best methods of evaluating coronary plaque characteristics.
Based on these lines of evidence, we hypothesized that serum n-3 polyunsaturated fatty acid levels would correlate with the extent of coronary atherosclerotic lesions. The composition of serum fatty acid has been less studied in this context in AMI patients. Regarding the serum fatty acid component, but not the free fatty acid component, 1 study suggested a relationship between the fatty acid component and risk of coronary artery disease. 19 Although 1 report examined the association between the free fatty acid fraction and risk of myocardial infarction, 20 no reports have examined the correlation between serum fatty acid levels and the extent of coronary atherosclerotic lesions in AMI patients. Accordingly, using 16-slice MDCT, we examined the relationship between serum fatty acid component levels and the extent of coronary atherosclerotic lesions in patients with their first AMI.
Methods

Patients
A total of 95 consecutive patients with their first AMI who underwent successful reperfusion with percutaneous coronary intervention by means of coronary angioplasty with or without stenting and with subsequent adequate MDCT image collection were examined. Patients with cardiogenic shock and disturbed liver disorders were excluded. MDCT exclusion criteria were allergy to the contrast medium proven at the time of angiography, disturbed renal function and cardiac arrhythmia. Diagnosis of AMI was defined as the presence of ST-segment elevation >0.1 mV in more than 2 adjacent leads, associated with typical severe chest pain. Diagnosis was confirmed by the presence of a greater than 2-fold elevation in both serum creatine kinase and isoenzyme MB compared with the normal upper limit during the patient's clinical course. In addition to the 95 patients with AMI, 17 patients in whom MDCT showed no plaque and no calcification (soft plaque score 0 and calcification score 0; scoring system described later) served as controls. Controls were suspected to have coronary artery disease with an intact coronary artery determined by coronary angiography. In addition to these controls, we measured serum fatty acid levels in 30 age-and gender-matched people who underwent a medical check in the clinics. Further, we referred to serum levels of fatty acid component levels from a large population sample to confirm the validity of the control value. 19 The clinical and angiographic characteristics of these patients are summarized in Table 1 . The study complied with the rules of the Helsinki Declaration and informed consent was given by all patients and age-and gender-matched subjects before measurements of serum fatty acid levels. The study was approved by the institutional ethics committee for human research. 21 
Samples
A blood sample was taken on admission. The time to blood sampling from last food ingestion was determined by interview and was >3 h in all patients. Samples were separated by centrifugation at 2,500 g for 10 min and immediately stored at -80°C until analysis.
Serum Fatty Acids
Fatty acid analysis has been described in detail elsewhere. 20, 22 Lipids were extracted from serum by chloroform/ methanol extraction, 23, 24 with some modifications. Tricosanoic acid was used as an internal standard. 25 Methylation of fatty acids was carried out as described by Hoshi et al. 26 Fatty acid composition in the methylated sample was analyzed by a gas chromatograph (HP5890A, Agilent Technologies Inc, Santa Clara, CA, USA) equipped with an auto-sampler (HP7673, Agilent Technologies Inc) and a data analyzer (C-R7A, Shimadzu Corporation, Kyoto, Japan). A capillary column (TC-WAX, GL Scinenses, Tokyo, Japan) was used. We determined the levels of the n-3 polyunsaturated fatty acids (EPA and docosahexaenoic acid (DHA)) and the n-6 polyunsaturated fatty acids (arachidonic acid (AA) and dihomo-gamma-linolenic acid (DGLA)). The extraction rate from samples with various quantities of added fatty acids was 91-100%. The intra-and interassay coefficients of variation in the fatty acid measurements were 2.59 and 5.48%, respectively. The ratio of n-3 polyunsaturated fatty acids to n-6 polyunsaturated fatty acids, in addition to the serum concentrations of each fatty acid component, was used in the statistical analysis to examine the relation between fatty acid and the extent of coronary atherosclerotic lesions.
MDCT Scan Protocol
MDCT was performed using a 16-detector slice computed tomograph (LightSpeed Ultra 16, GE Medical System, Boston, MA, USA) 5-7 days after admission, and the 16 slices were read out simultaneously in the cardiac mode. Contrast-enhanced scans of the coronary arteries were acquired using the following protocol: a total of 100 ml of intravenous contrast agent (300 mg/ml iodine) was administered at 3 ml/s using 16×0.75 mm collimation, a table feed with 3.8 mm/rotation, and a tube current of 650 mA at 120 kV. Computed tomography started at the aortic root cranial to the coronary ostia and stopped at the diaphragm caudal to all cardiac structures. ECG pulsing with a reduced tube current during systole was recorded during all scans to minimize radiation exposure.
Image Reconstruction
Axial images were reconstructed by the standard built-in ECG gated half or multisector scan reconstruction algorithm (temporal resolution 185inches, slice thickness 1.0 mm, increment 0.5 mm, kernel B 30 f). Coronary images were reconstructed using volume-rendering and multiplanar reconstruction methods.
MDCT Image Interpretation
Evaluation of the MDCT images was performed by 2 cardiologists who were unaware of any clinical or angiographic data. Data were analyzed on an offline workstation for postprocessing (Advantage WS 4.1, GE Japan, Tokyo, Japan). The readers assessed 13 coronary segments from each patient according to a modified American Heart Association classification (right coronary artery = segments 1-4; left main = segment 5; left anterior descending coronary artery = segments 6-10; left circumflex artery = segments [11] [12] [13] . In accordance with the findings reported by Schroeder et al, 18 coronary soft plaques were defined as lesions in which the density was attenuated from that of the contrastenhanced vessel lumen (density <100 Hounsfield U (HU)). A preliminary study was carried out to examine the agreement between the visual assessment of density attenuation and decrease in HU based on gradation gray scale analysis of the MDCT images. Calcified lesions were defined as lesions that showed apparently higher density (density >130 HU in native scans) than the contrast-enhanced vessel lumen. The extent of soft plaques was graded in each major coronary segment (segments 1, 2, 3, 5, 6, 7, 11, 13 according to the American Heart Association classification) as follows: grade 0, no soft plaque observed; 1, soft plaque observed occupying < 1 /3 of the segment; 2, soft plaque observed occupying between 1 /3 and 2 /3 of the segment; and 3, diffusely observed soft plaque occupying the entire segment (Fig 1) . Plaque score was determined as the sum of the grades obtained from each segment. Similarly, the calcification grade in each segment was determined as follows: 0, no calcification; 1, calcification observed in < 1 /3 of the segment; 2, calcification observed in 1 /3 to 2 /3 of the segment; and 3, calcification observed diffusely throughout the entire segment. The calcification score was calculated as the sum of calcification grades for each segment. Inter-and intraobserver differences were checked for 10 MDCT images.
Statistical Analysis
Kappa statistics were used to evaluate the reliability of intra-and interobserver agreement in the grading of coronary plaques and calcification. A chi-square fitness test clarified that serum fatty acid levels showed common logarithmic normal distribution and serum common logarithmic transformed (log) fatty acid values were thus used for statistical analysis. To elucidate the effects of the onset-sampling time on each fatty acid component level, simple and multiple correlation analyses was performed. In the multivariate analysis, stepwise linear regression analysis was performed using each serum fatty acid level as a dependent variable. Independent variables were onset-sampling time, age, gender, soft plaque score, calcification score and serum maximal creatinine kinase level. To determine the correlations of serum log fatty acid levels with coronary soft plaque scores and calcification scores, we used Spearman's rank correlation analysis. Pearson's correlation analysis was also used to determine the relation of serum log fatty acid component levels to other coronary risk factors, especially serum cholesterol and triglycerides. Stepwise linear multiple regression analysis was also performed, using the plaque score as a dependent variable. The independent variables used were one of the fatty acid components' serum log levels (EPA, DHA, EPA+DHA or AA/EPA), age, gender, HR and risk factors for arteriosclerosis, including association with diabetes mellitus, hyperlipidemia, chronic renal disease (serum creatinine), or obesity. Hypertension and hyperlipidemia were diagnosed in accordance with guidelines. 27, 28 All values are expressed as mean ± SD, and p<0.05 was considered significant.
Results
Reliability of Plaque Score Determination
The preliminary study to examine the correlation between the visual assessment of density attenuation and the decrease in MDCT density thresholds confirmed that visual assessment could detect a density attenuation by Kappa statistics (p<0.0001, agreement rate >97%). In 50 sample coronary lesions, Kappa statistics showed a high agreement rate (>95%) in inter-and intra-observer measurements (p<0.001). Further, as for disagreement, only 1 grade difference occurred and this difference did not affect the results of the relationship between serum fatty acid components and plaque scores. Representative results for the MDCT coronary images in 2 cases are shown in Fig 1. 
Serum Fatty Acid Levels
Regarding onset-blood sampling time, there were no significant correlations by simple correlation analyses between onset-admission (blood sampling time) and each serum fatty acid component level. Multivariate analyses did not reveal onset-blood sampling time as a factor that correlated with each serum fatty acid component level. The subsequent analyses were thus not affected by onset-blood sampling time. The serum log levels of fatty acid components examined on admission are listed in Table 2 . The levels from 17 controls with MDCT soft plaque and calcification scores of 0 were in accordance with age-and gender-matched subjects (67.0±3.4 years; 20 men, 10 women) from those who had a medical check-up in a clinic and with those obtained from large population samples in Kimihama, Japan. Significant differences in serum logEPA levels between AMI patients and controls were observed. LogDHA levels tended to show significant differences between AMI patients and controls. In contrast, there were no significant differences Correlations among serum logarithmic transformed (log) eicosapentaenoic acid (EPA) levels and the ratio of serum log levels of arachidonic acid (AA) to those of EPA (logAA/logEPA) with coronary plaque scores.
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in the serum log levels of n-6 polyunsaturated fatty acids, AA and DGLA, between AMI patients and controls. Ratios of serum log levels of n-6 polyunsaturated fatty acids to those of n-3 polyunsaturated fatty acids were significantly higher in AMI patients than controls.
Correlation of Fatty Acid Component Levels With Plaque and Calcification Scores
Serum logEPA and logDHA levels were inversely correlated with soft plaque scores (Fig 2) . The correlations between the serum log levels of n-3 and n-6 polyunsaturated fatty acid components and plaque scores, analyzed by Spearman's rank correlation analysis, are summarized in Table 3 . There were no significant positive correlations between the serum log levels of n-6 polyunsaturated fatty acid components and soft plaque scores. Because regression coefficients in the relationship between serum logAA or logDGLA level and plaque score were negative, correlations of the ratios of serum log levels of n-6 to those of n-3 polyunsaturated fatty acids with soft plaque scores were not higher than those between the serum log levels of n-3 polyunsaturated fatty acids and soft plaque scores. The results of stepwise multiple linear regression analysis are shown in Table 4 . Serum logEPA, logDHA and logEPA + logDHA levels were independent factors significantly associated with an increase in plaque scores. Serum logEPA, logDHA and sum of logEPA and logDHA levels were significantly correlated with coronary calcification scores (Table 3) . Serum logAA, logDGLA and the sum of the logAA and logDGLA levels were not significantly correlated with calcification scores. Some of the ratios of the serum log levels of n-6 to those of n-3 polyunsaturated fatty acids correlated with calcification scores, but the correlations were not higher than those in the relationship between n-3 polyunsaturated fatty acids serum log levels and calcification scores. Multivariate analysis selected serum logEPA level as independently correlated with calcification score (partial correlation coefficient, -0.262, p=0.013).
Relationship of Serum Fatty Acid Components to Serum Lipid, Uric Acid and Hemoglobin A1c Levels
Serum logEPA, logDHA, logAA and logDGLA levels were all significantly correlated with serum total cholesterol with weak to moderate correlation coefficients (Table 5) . Serum logAA and logDGLA were significantly correlated with low-density lipoprotein-cholesterol (LDL-C). In contrast, serum logEPA and logDHA levels were not, or very weakly, correlated with LDL-C. Serum log levels of n-3 polyunsaturated fatty acids were significantly correlated with high-density lipoprotein-cholesterol (HDL-C). Serum log levels of n-6 polyunsaturated fatty acids were not, or weakly, correlated with HDL-C compared to those of n-3 polyunsaturated fatty acids.
Correlation of Serum Lipid, Uric Acid and Hemoglobin A1c Levels With Plaque and Calcification Scores
Among the serum lipids, HDL-C levels were negatively correlated with coronary soft plaque and calcification scores (Table 6 ). Significant correlations between other serum biomarkers and coronary soft plaque or calcification scores were not obtained.
Discussion
The present study has demonstrated semi-quantitatively that in patients with their first AMI, the log serum n-3 polyunsaturated fatty acids levels are negatively correlated with the extent of coronary soft plaques and calcifications.
We assessed the extent of coronary atherosclerosis by MDCT. A previous study 18 demonstrated a significant relationship between MDCT density thresholds and histopathologic plaque findings in postmortem-scanned hearts. That study used a modified Stary 8-stage system to classify coronary plaques into 3 groups according to their histopathologic characteristics: lipid-rich, intermediate and calcified. 29 There were overlapping values for plaques density (HU) between lipid-rich and intermediate plaques, so differentiation between these 2 types of plaque was difficult. Therefore, we analyzed lipid-rich and intermediate plaques together as soft plaques. Conversely, detection of calcification was adequate by visual assessment because the increase in density was marked. We evaluated the degree of plaque based on the involvement of the coronary arteries, rather than the plaque density. The intra-and interobserver differences were acceptably small. Although the number of controls was relatively small, because MDCT cannot be performed in healthy subjects, the fatty acid levels from 17 controls with both soft plaque and calcification scores of 0 were in good agreement with those from the subjects in the clinics and with those obtained from large population samples. 19 The controls were thus judged appropriate. These considerations indicate that our evaluation of the extent of coronary plaques and calcification was reasonable, and that the results of soft plaque scores and calcification scores could be analyzed with reference to serum fatty acid levels.
The methods used to measure serum fatty acids are well established. 20, 22, 23, 26 Moreover, blood samples were not collected soon after eating. Conflicting results regarding the time course of free fatty acid levels after AMI have been reported. Several previous reports found an increase in total plasma free fatty acid levels, [30] [31] [32] while a relatively recent study did not find any significant increase. 20, 33 Regarding fatty acids in serum or plasma, there have been no studies that examined time-dependent changes in total serum fatty acids. The percentage of free fatty acids in serum fatty acid is very low. Total serum fatty acid is thus thought not to be largely changed and the fraction of each fatty acid compo- Tables 1, 5. nent to the total fatty acid is unlikely to be changed considerably after AMI. In fact, no correlation was observed by simple and multivariate correlation analyses between onsetadmission (blood sampling time) and each fatty acid component in the present study. Actual values of each serum fatty acid component were thus not largely different from the percentage of each fatty acid component to total fatty acid. Further discussion of the results can thus be made. We measured the serum levels of the n-3 polyunsaturated fatty acids EPA and DHA, and the n-6 polyunsaturated fatty acids DGLA and AA on admission in patients with AMI. To date, only one other study 20 has examined the free fatty acid components in patients with AMI, demonstrating that the relative levels of DHA and EPA in the serum FFA fraction were significantly lower in AMI patients than in controls. Although our study examined serum total levels of each fatty acid component, but did not measure it in a free fatty acid fraction, the present results are not consistent with other studies regarding n-3 polyunsaturated fatty acids. Conversely, an increase in the relative levels of oleic and linoleic acid in the serum free fatty acid fraction of AMI patients was also observed in an earlier study. Because we measured DGLA and AA, not oleic and linoleic acid, and the earlier study obtained percentage values for both acids in the total free fatty acid, a precise comparison of the results regarding n-6 polyunsaturated fatty acids cannot be made.
The present results demonstrate that serum n-3 polyunsaturated fatty acid levels are significantly correlated with the extent of coronary plaques and calcifications in AMI patients. There have been no previous studies reporting a quantitative relationship between serum fatty acid components and the extent of coronary plaques in AMI patients, so these results cannot be compared directly with previous reports. There have been several basic studies that examined the effects of n-3 fatty acids on processes involved in atherosclerosis. The reported effects are attenuation of platelet aggregation caused by various stimuli, 4 decreases in triacylglycerol and cholesterol, 8 and an increase in HDL-C. 8 More recently, reductions in interleukin 1 and tumor necrosis factor concentrations because of n-3 fatty acids have also been observed ex vivo. 5, 6 Dietary n-3 fatty acids have also been shown to downregulate the expression of both PDGF-A and PDGF-B genes in the quiescent mononuclear cells of volunteers, 7 indicating that a deliberate change in the diet can change human gene expression. N-3 fatty acids have been also reported to reduce blood pressure in patients with hypertension. [34] [35] [36] Several studies have indicated that low serum n-3 fatty acids are associated with risk of coronary artery disease. [37] [38] [39] On the other hand, Harris et al evaluated the relationship between fatty acid levels and coronary artery disease using a large amount of data from a case-controlled and prospective cohort study and revealed that omega-3 fatty acid levels correlated with coronary artery disease, indicating that the levels may have both prognostic and diagnostic utility in coronary artery disease risk. 40 The present findings of a significant correlation between the serum fatty acid profile and the extent of coronary plaques are completely in agreement with those basic and population-based studies. The present results showing a significant correlation between the serum n-3 polyunsaturated fatty acid levels and the extent of coronary plaques and calcifications imply that supplementation of n-3 polyunsaturated fatty acid may have favorable effects on the progression of coronary atherosclerosis. 3 In fact, long-term use of highly purified EPA (1,800 mg/day) reduced cardiac events and consequently, n-3 polyunsaturated fatty acid is indicated for prevention of coronary artery disease.
No significant positive correlation between n-6 polyunsaturated fatty acid (AA and DGLA) levels and coronary plaque scores was obtained, so the n-6/n-3 fatty acid ratio did not show a superior correlation in terms of the extent of coronary plaques. Although the ratio of omega-6 fatty acids to omega-3 fatty acids has been proposed in several reports as a biomarker of risk for coronary artery disease, analysis of a large data set from multiple studies concluded that neither the n-6 fatty acid level nor the ratio of n-6/n-3 fatty acids is a useful biomarker for the risk of coronary artery disease. 40 The present results are in complete agreement with the results of previous large-scale data analysis.
Among the well-known risk factors, only serum HDL-C levels correlated weakly with the extent of coronary plaques and calcification scores in the present study. The reason for the insignificant correlation of other well-known risk factors, such as LDL-C, with coronary plaque scores and calcification was obscure and may be related to an insufficient number of patients. Our results suggest that serum fatty acid component levels may be a more useful risk factor for coronary atherosclerosis than other well-known risk factors. Basic studies have indicated an interaction between cholesterol and fatty acid and, in fact, the present study showed a significant, but weak, correlation between some well-known risk factors and some serum fatty acid components. 7 The previous reported evidence, together with the present findings, indicates that serum fatty acid components reflect the risk for coronary artery disease; however, superiority between these 2 factors remains obscure because of the lack of concrete data.
Although we found significant correlations between the serum levels of n-3 polyunsaturated fatty acid and the soft plaque score, they were somewhat low. Coronary atherosclerotic processes comprise multiple steps with the involvement of multiple factors. The correlation of each factor with coronary atherosclerosis is not likely to be large and this is why the correlations between n-3 polyunsaturated fatty acid levels and coronary soft plaque scores were not high.
Study Limitations
First, it was a cross-sectional study and the relationship between serum fatty acid components and outcomes could not be analyzed. Second, patients with angina pectoris were not studied, but the present results warrant study of the relationship between the serum fatty acid profile and patients with angina pectoris.
Conclusion
The present study has demonstrated for the first time a significant correlation between the serum fatty acid profile and the extent of coronary plaques.
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